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ASCE LRFD METHOD FOR STAINLESS STEEL STRUCTURES
by
Shin-Hua Lin~ Wei-Wen Yu~ and Theodore

v.

Galambos 3

I. INTRODUCTION
Cold-formed stainless steel sections have been increasingly
used in architectural and structural applications in recent years
due to their superior corrosion resistance, ease of maintenance,
and attractive appearance. The current specification for the design
of cOld-formed stainless steel structural members and connections
was published in 1974 (Ref. 1) by American Iron and Steel Institute
(AISI). This design specification was based on the allowable
stress design (ASD) method.
Recently, the probability-based load and resistance factor
design (LRFD) criteria have been successfully applied to the
design of hot-rolled steel shapes and built-up members (Ref. 2).
The AISI LRFD specification is being developed as well for the
design of structural members cOld-formed from carbon and low
alloy steels (Ref. 3). This design approach is based on the "Limit
States Design" philosophy, which is related to the ultimate
strength and serviceability of structural members and connections.
In this method, separate load and resistance factors are applied
to specified loads and nominal resistances to'ensure that the
probability of reaching a limit state is acceptably small.
The LRFD criteria were developed on the basis of the first
order probabilistic theory, for which only the mean value and
coefficient of variation of variables are specified. These random
variables involved in the design reflect the uncertainties in
mechanical properties of materials, load effects, design assumptions, and fabrication. Because the LRFD method includes probabilistic consideration for uncertain variables in the design formula,
it can provide a more uniform overall safety and reliability for
structural design.
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Due to the significant differences in material properties
between carbon steels and stainless steels, the aforementioned
LRFD specifications included in References 2 and 3 do not
apply to the design of stainless steel structural members. In
order to develop the LRFD criteria for cold-formed stainless
steel structural members, a research project has been conducted
since 1986 at the University of Missouri-Rolla under the sponsorship of American Society of Civil Engineers (ASCE). Based on the
updated ASD specification for cold-formed stainless steel
structural members (Refs. 4, 5), the proposed LRFD specification
with commentary (Ref. 6) has been prepared for the consideration
of the ASCE. This paper presents the background information for
developing the LRFD criteria for cold-formed stainless steel
structural members and connections.
II. PROCEDURES FOR DEVELOPING LRFD CRITERIA
The theoretical basis of the probability-based design
approach has long been established and can be found in numerous
references (Refs. 7 - 10). Basically, the model of failure
probability is used to determine the risk of failure of structures
The safety index, S, derived from the probability of failure is
used as a relative measure of the safety of design. The model of
the failure probability is expressed on the basis of the first
order probabilistic theory.
A. Format of LRFD Criteria
The structural safety based on the LRFD is achieved by the
probabilistic theory instead of the engineering jUdgement.
Separate resistance and load factors are to be applied to nominal
resistances and specified loads, respectively, to ensure that a
limit state is not violated. The use of multiple load factors
provides a refinement in design, which accounts for the different
degree of uncertainties and variabilities ,of various design
parameters.
The load and resistance factor design criteria for the
combination of dead and live loads can be expressed in the
following equation:
(1)

The right side of the equation represents the effects of a
combination of dead load, DC' and live load, Lci whereas, the
left side relates to the nominal resistance, R , of a structural
member. The resistance factor ¢ accounts for tHe uncertainties
and variabilities inherent in the R , and it is usually less
than unity. The load effects YD andfiy
are associated with the
dead and live loads,
respectively. T~e load factors are greater
than unity. The values of cD and c L are deterministic influence
coefficients, which transform the load intensities to load
effects.
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B. Probabilistic Basis
Structural safety is a function of the resistance, R, of
the structure as well as of the load effects, Q. It is assumed
that the resistance, R, and the load effects, are random variables
because of the uncertainties associated with the inherent
randomnesses. If these uncertainties are specified in terms of
the probability density functions (probability distributions),
then the measure of risk is the event of the probability of the
failure, PF(R - Q ~ 0).
To calculate the probability of failure, one requires
knowledge of the distribution curves of variables Rand Q.
Although the correct distributions of Rand Q are not known,
it is convenient to prescribe the distribution of (R/Q) to be lognormal. Due to the fact that the probability distribution of R/Q
is not practically known, the mean value and coefficient of
variation of variables Rand Q are used as the estimated values.
Based on this probability distribution and the first order
probabilistic theory (Ref. 7), the safety index or "reliability
index" can be expressed as follows:
In(Rm/Qm)

s

(2 )

VV;

+

V~

in which Rand Q are mean values of the resistance of the
structure ~nd themload effects, respectively, and Va and VQ are
their corresponding coefficients of variation. The lndex S is a
relative measure of the safety of design. The higher the safety
index, the smaller the probability of failure.

c.

Resistance

The randomness of the resistance R of a structural element
is due to the variabilities inherent in the mechanical properties
of the material, the variations in dimensions, and the uncertainties in the design theory of member strength. The mean
resistance of a structural member, Rm' is defined as follows:
(3)

in which R is the nominal resistance of the structural elements,
and M, F, Rnd P are dimensional random variables reflecting the
uncertainties in material properties (i.e., F , F , etc.), the
geometry of the cross-section (i.e., S , A, etc.)~ and the design
assumptions, respectively. The subscri~t of m stands for the
mean value of the variables.
Based on the statistical analysis of mechanical properties for
stainless steels reported in Ref. 5, the following mean values and
coefficients of variation are recommended for the material factor,
M, for structural members and connections using austenitic and
ferritic stainless steels.
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For yield strength of stainless steels
0.10

VF

Y

For ultimate strength of stainless steels
(Fu)m

=

1.10 F u '

VF

=

0.05

u

The fabrication factor Fis a random variable which accounts
for the uncertainties caused by initial imperfections, tolerances,
and variations ~f geometric properties. The following values are
recommended for the fabrication factor in the design of cOld-formed
stainless steel structural. members and connections.
For stainless steel members and bolted connections
Fm = 1.00,

VF

=

0.05

For stainless steel welded connections
Fm

=

1.00,

VF

=

0.15

These values were also used in the development of the AISC LRFD
criteria for hot-rolled steel structural members and connections
(Ref. 10).
The professional factor P is also a random variable reflecting
the uncertainties in the determination of the resistance. These
uncertainties are included by the use of approximations in the
simplification and idealization of complicated design formulas.
The professional factor is determined by comparing the tested
failure loads and the predicted ultimate loads calculated from
the selected design provisions. In this study, the factor P is
determined from the ratios of the tested loads to predicted values
for the available test data.
By using the first order probabilistic theory and assuming
that there is no correlation between M, F, and P, the coefficient
of variation of resistance, VR , can be expressed as

(4)
in which V , V , and Vp are coefficients of variation of the
random var~ablEs M, F, and P, respectively.
D. Load and Load Effects
The major load combination considered in this study is the
dead load plus the maximum live load. This load combination
governs the design in many practical situations and it is a
particularly important case.
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The mean load effect, Q, for a combination of dead and
live loads is assumed as foll~ws:
(5 )

in which cD and c L are deterministic influence coefficients, Band
C are random variables reflecting the uncertainties in the transformation of loads into the load effects, and D and L are random
variables representing the dead and live load intensities. The
subscript of m stands for mean value of variable.
If it is assumed that B = C = 1.0 and c = c = c, the
mean value and coefficient o~ varTation of loaH eff~cts can be
expressed as follo~s:
(6)

and

(7 )

Dm + Lm
where VD and VL are the coefficients of variation for dead and
live loads.
Load statistics have been studied and reported by Ellingwood
et al in Ref. 11, in which D = 1.05D , VD = 0.1, L = L , and
VL = 0.25. The same publicatTon indicRtes that the mean ~ive load
intensity can be taken as the code live load intensity if the
tributary area is small enough so that no live load reduction
is required. Substitution of the load statistics into Eqs. (6)
and (7) gives
Qm

= c(1.05

Dn/Ln + 1) L n

(8 )

and

VQ

~ ( 1. 05D n /L n ) 2 vD2

+

vL2

(9 )

(1. 05Dn/Ln + 1 )
It can be seen that, in Eqs. (8) and (9), the values of Q and
V depend on the dead-to-live load ratio. Previous resear~h
r9 p orted in Refs. 12 and 13 indicated that cold-formed members
typically have relatively small D /L ratios. For the purpose
of determining the reliability OfnthR LRFD criteria for coldformed stainless steel structural members, the dead-to-live
load ratio is assumed to be 1/5, and so that VQ = 0.21.
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E. Determination of Resistance Factors
The values of the reliability index S vary considerably with
different kinds of loading, the different types of construction,
and the different types of members for a given material design
specification. In order to achieve a more consistent reliability,
it was suggested in Ref. 14 that the following values of S
would provide this improved consistency while at the same ~ime
give, on the average, essentially the same design by the new
LRFD method as is obtained by current design for all materials
of construction. These target reliabilities for use in the ANSI
Code (Ref. 15) are:
For basic case:

Gravity loadings,

For connections:
For wind loading:
Previous research on LRFD criteria for cOld-formed carbon
steel members indicated that the target reliability index So
may be taken as 2.5. A higher target reliability index of So= 3.5
was recommended for connections using cold-formed carbon steels.
However, these target values may not be applicable for the design
of cOld-formed stainless steel structures because relatively
higher safety factors have been used for cold-forme~ stainless
steel ASD specification. In order to maintain the consistency of
structural safety used for cold-formed stainless steels, two
target values of 3.0 and 4.0 are used in this study for members
and connections, respectively.
In this study, the resistance factor, ~, are determined for
the load combination of 1.2D +1.6L as used in Ref. 13 for coldformed carbon steels. By usiRg thiR load combination, the expression for the load and resistance factor design given in Eq. (1)
can be written as follows:
(10)
By assuming Dn/Lu = 1/5, the mean values of resistance and load
effect can be wr1tten as follows:
(11 )

and
Q

m

=

1.21 cL

( 12 )

n

Therefore, by using the ratio of R /Q and Eq.
factor,
~, can be computed as fOITowW:
1.521MFP
m m m
exp( S

~v~

+

(2), the resistance

(13 )

v~

Equation (13) is to be used for the calibration of various design
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provisions for members and connections. With the available
statistical data on the aforementioned variables, the resistance
factor can be computed by selecting a proper target safety index.
III. DEVELOPMENT OF THE LRFD CRITERIA
In this section, the determination of resistance factors
for use in the LRFD criteria is discussed. Previous research
results obtained from Cornell University (Ref~. 16 - 18) and
other institutions (Refs. 19, 20) related to the experimental
studies of cold-formed stainless steel members and connections
have been used for calibrating the design provisions. In this
process, the mean values and coefficients of variation of the
professional factors were obtained from the ratios of the tested
loads to predicted loads. By using the selected factors and
target safety index, the resistance factor can be determined
accordingly.
A. Tension Members
The tension member is designed as a structural member to
carry a uniformly distributed stress in tension and its nominal
strength can be reasonably predicted by the following equation:
(14 )
in which A is the net area of the cross section, and F is the
yield streRgth of stainless steels. Due to the lack of ~est data
for cold-formed stainless steel tension members, Eq. (14) is
used for the calibration of this design provision. By using
M = 1.10, F = 1.0, and assuming P = 1.0, the mean value of
Rm is
m
m
n
R = (1.10)(1.0)(1.0) R
(15)
m
n
The coefficient of variation VR is obtained by applying VM
VF = 0.05, and Vp = 0 as follows:
VR

= ~V~

+ V; + V;

=

0.11

0.1,

(16)

Based on a target safety index of 6 0 = 3.0 and the value of
Vo = 0.21, the resistance factor ¢ is calculated by Eq. (13)
as follows:
1. 521 (1. 1) (1. 0) (1.0)

0.82
exp ( 3.0

(17 )

VO. 11 2 +0.21 2

For the design of cOld-formed stainless steel tension members, a
resistance factor of 0.85 is recommended.
B. Flexural Members
In the design of cold-formed stainless steel flexural members,
due consideration should be given to the moment-resisting capacity
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and the stiffness of the member. The moment-resisting capacity
of flexural members may be limited by yielding, local buckling,
or lateral buckling of the beam. If local buckling and lateral
buckling are prevented, the maximum bending capacity is usually
determined by the yield moment. Local buckling may occur in the
compression flange of the beam and the web of the beam when the
compressive stress reaches the critical buckling stress. However,
it may not fail due to the postbuckling strength. If the members
are laterally supported at a relatively large interval, lateral
buckling strength may govern the design.
The web of beams should also be checked for shear, web
crippling, and combinations thereof. The maximum shear strength
of beam webs is based on shear yielding or shear buckling. For
beam webs having small h/t ratios, the shear yield stress can be
determined by the von Mises yield theory. For relatively large
h/t ratios, the shear strength of beam webs is governed by
elastic -shear buckling. Inelastic shear buckling is taken into
account by using a plasticity reduction factor (Ref. 21).
In the design of cold-formed stainless steel beams, due conside~a~
tion should also be given to web crippling. This type of failure
may occur in the web of beams under the concentrated loads or at
the supports. For combination bending and shear, combined bending
and web crippling, shear lag effect, and flange curling, Reference
22 provides detailed information.
Due to the lack of test data, the calibration of the design
requirements for flexural members deals only with the sectional
bending strength of beams. The sectional bending strength of beams
can be calculated either on the basis of the initiation of yielding
or on the basis of the inelastic reserve capacity as applicable.
For bending strength based on initiation of yielding, the nominal
strength R is determined on the basis of the effective cross
section ana the specified minimum yield strength, i.e., R = SF.
For the design consideration of inelastic reserve capacit9,
e y
Reference 6 provides detailed discussions.
Based on a total of 17 beam tests, the ratios of tested to
predicted moments are used to calculate the professional factor.
These values are given as P = 1.189 and Vp = 0.061. Together with
the aforementioned materialmand fabrication factors, i.e, M = 1.1,
VM = 0.10, F = 1.0, and VF = 0.05, the resistance factor cWn be
computed by ~q. (13).
The relationship between the safety index, resistance factor,
and the ratio of D /L for stainless steel beams subjected to
bending is shown iR F¥gure 1. From this figure, it can be seen
that based on the ratio of D /L = B.2, the computed safety index
is 3.04 if the value of the Fes¥stance factor is taken as 0.95.
The safety indices computed for other ¢ values are also given in
Figure 1. Based on the selected target safety index of 3.0 for
beam members, a resistance factor of 0.95 is recommended for
cold-formed stainless steel beams subjected to flexural bending.
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C. Concentrically Loaded Compression Members
COld-formed sections are made of thin materials, and in many
cases the shear center does not coincide with the centroid of the
section. Therefore in the design of such compression members, consideration should depend on the shape of the cross section, thickness
of material, and the stiffness of the compression members.
For short columns, yielding and local buckling are the usual
modes of failure. The overall instability caused by elastic flexural buckling is often a mode of failure for long columns. Compression members having moderate slenderness ratios usually fail
inelastic flexural buckling or torsional-flexural buckling. For
some cases, the column strength may be limited by the interaction
between local buckling of individual elements and overall buckling
of columns.
The nominal axial load for compression members is determined
by the following formula:
Pn

= Ae F n

(18 )

in which A is the effective area calculated at the stress F , and
F is the least value of rlexural buckling, torsional buckliRg ,
aRd torsional-flexural buckling stresses. For determining the
buckling stress in the inelastic range, the tangent modulus
obtained from the modified Ramberg-Osgood equation is used in this
study. Reference 6 provides detailed design requirements for columns.
Based on the available test data on cOld-formed stainless
steel compression members, the design provisions for concentrically loaded compression members were calibrated and reported
in Ref. 5. In this paper, the result from the calibration for
columns subject to flexural buckling and torsional-flexural
buckling is presented. The test results were compared to the
predicted values for the appropriate failure mode.
The ratios of the tested to predicted failure loads are
used as the professional factor. The material factor and fabrication
factor used in this study are M = 1.1, VM = 0.10, F = 1.0, and
V = 0.05. Using the formula gi~en in Sec~ion II of ~his paper,
tEe safety index and its resistance factor can be determined
readily.
A total of 29 tests were calibrated for compression members
subject to flexural buckling. The mean value of ratios of
P± tiP
d is 1.194, and its coefficient of variation is 0.114.
Tfi~SrelR€Ionship between the safety index and resistance factor
was studied and reported in Ref. 5. It indicated that for
D IL = 0.2, a safety index of 3.26 can be achieved if the
rgsigtance factor is taken as 0.85. This resistance factor of
~ ~ 0.85 is also used in the LRFD criteria for cold-formed
carbon steel sections (Ref. 13) and hot-rolled shapes (Ref. 2).
The experimental work on torsional-flexural buckling
strength of cold-formed stainless steel columns has been studied

~
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in Ref. 20. These test results were compared with the predicted
values given in Ref. 6. Based on a total of 45 tests, the mean
value of the professional factor, P , is 1.111, and its
coefficient of variation, VP ' is 0.574. Reference 5 provides a
detailed discussion for the determination of resistance factor.
Figure 2 shows the relationship between the safety index,
resistance factor, and the ratio of D /L for stainless steel
columns subject to torsional-flexural n bu8kling. From this figure,
it can be seen that a safety index of 3.17 can be achieved for
D /L = 0.2 if the resistance factor of 0.85 is used. This
risiitance factor was determined on the basis of a load combination
of 1.2D n + 1.6L n .
D. Welded Connections
Based on the reevaluation of the test results, the design
provisions for welded connections have been developed and are
included in Ref. 6. The welded connections sho~ld be designed
to transmit the maximum load in connected members. Proper regard
should be given to eccentricity. The test results of welded
connections obtained from previous Cornell research program (Refs.
18 and 23) and Ref. 24 were studied to calibrate the design
provisions for groove welds in butt joints, longitudinal fillet
welds, and transverse fillet welds. The resistance factors
obtained from this investigation were reported in Ref. 5. A target
safety index of 4.0 was used for the calibration of cold-formed
stainless steel welded connections.
A total of 43 butt-joint welds were collected from the
previous experimental work. The mean value of the tested to
predicted failure strengths is P = 1.113, and its coefficient
of variation, VP ' is 0.084. Thismvalue is considered to be the
professional factor. The material factor and fabrication factor
used in this study are taken as M = 1.10, VM = 0.05, F = 1.0,
and V = 0.15. By using these fac~ors, the safety indexmcan be
compu~ed for a specified resistance factor and a ratio of D /L .
Figure 3 illustrates the variation of safety indices with rispict
to the ratio of D /L for using groove welds. It indicated that
by using a resistRnci factor of 0.6, the computed safety index
for Dn/Ln = 0.2 is equal to 4.13, which is larger than the target
value (s = 4.0).
o
For longitudinal and transverse fillet welds, a total of 10
connection tests reported in Ref. 18 were used in this study.
Based on the results of calibration, it was found that a resistance
factor of 0.55 can be used for the LRFD criteria to prevent
both sheet metal and weld metal failures of longitudinal fillet
welds. For transverse fillet welds, two resistance factors of 0.55
and 0.65 are recommended for the LRFD criteria against plate and
weld metal failures, respectively. These resistance factors were
determined on the basis of D /L = 0.2 and with the computed
safety indices larger than tHe earget value.
E. Bolted Connections
Previous Cornell test results (Ref. 18) indicated that the
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failure modes of bolted connections in cOld-formed stainless steel
construction are similar to that in cOld-formed carbon steel construction because of the thinness of the connected parts. Four
fundamental types of failure mode were observed and described
as follows: Type I - longitudinal shearing of the sheet along
two parallel lines, Type II - bearing or piling up of material
in front of bolt, Type III - tearing of the sheet in the net
section, and Type IV - shearing of the bolt. The calibration of
design provisions for shear failure in connected parts, bearing,
and tension failure of bolted connections has been investigated
and reported in Ref. 5. The design provision for shear and tension
failure in bolts was not calibrated due to the lack of test data.
The professional factor used in this study was obtained
from the comparison of the tested loads to predicted values. The
material factor and fabrication factor used for bolted
connections were taken as M = 1.10, VM = 0.05, F = 1.0, and
VF = 0.05. Using these valuWs and the computed pr§fessional
factors, the safety index and corresponding resistance factor
can be determined by using the formula given in Section II of
this paper.
.
Table 1 shows the results of calibration for cold-formed
stainless steel bolted connections subject to shear, bearing, and
tension failures. These resistance factors determined for
D /L = 0.2 can provide a safety index which is larger than
tHe ~arget value of 4.0.
Table 1
computed Safety Index

S

and Resistance Factor ¢

for Bolted Connections

Failure Mode

Computed
Safety Index
S
for Dn/Ln = 0.2

Resistance
Factor
¢

Type I

- Shear Failure
in Connected
Parts

4.10

0.70

Type II

- Bearing Failure

4.14

0.65

Type III - Tension Failure
in Connected
Parts

4.04

0.70
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F. Local Distorsion
When local distorsions in structural members under nominal
service loads must be limited, the design strength is determined
on the basis of the permissible compressive stress for stiffened
and unstiffened compression elements and the cross-sectional
properties of full, unreduced cross section. The resistance factor
used for determining the design strength due to local distortion
is taken as 1.0. Reference 6 provides detailed discussion on this
subject. This design provision is considered to be necessary for
stainless steel structural members because of its low proportional
limits and due to the fact that more attention is often given to
the appearance of exposed surfaces of stainless steel used for
architectural purposes.
IV. SUMMARY AND CONCLUSIONS
The probability-based LRFD criteria for the design of cOldformed stainless steel structural members and connections have
been developed on the basis of the first order probabilistic
theory. The resistance factors have been determined by calibrating
the appropriate design provisions as reported in Ref. 5. These
design criteria have been based on a target safety index of 3.0
for structural members and 4.0 for connections. This paper
presents a brief discussion of the reasoning behind, and the
justification for, various provisions. In view of the fact that
the resistance factors were obtained from .the calibrations of
various design provisions on the basis of a limited number of
test data, additional tests are needed to refine the resistance
factors achieved in this study.
V. ACKNOWLEDGMENTS
This project was sponsored by American Society of Civil
Engineers. The financial assistance provided by the Chromium
Centre in South Africa, the Nickel Development Institute in
Canada, and the Specialty Steel Industry of the United States
is gratefully acknowledged. Special thanks are extended to
members of the ASCE Steering Committee (Dr. Ivan M. Viest,
Mr. Don S. Wolford, and Mr. John P. Ziemianski), Mr. Edwin Jones
and Mr. Ashvin A. Shah of the American Society of Civil Engineers,
Dr. W. K. Armitage of the Chromium Centre, and Mr. Johannes P.
Schade of the Nickel Development Institute for their technical
guidance.

463
APPENDIX I.

REFERENCES

1. American Iron and Steel Institute, Stainless Steel COldFormed Structural Design Manual, 1974 Edition.
2. American Institute of Steel Construction, Manual of Steel
Construction: Load and Resistance Factor Design, First Edition,
1986.
3. Hsiao, L. E., Yu, W. W., and Galambos, T. V., "Load and
Resistance Factor Design of Cold-Formed Steel: Load and
Resistance Factor Design Specification for Cold-Formed Steel
Structural Members with Commentary," Twelfth Progress Report,
universi~y of Missouri-Rolla, August, 1989.
4. Lin, S. H., Yu, W. W., and Galambos, T. V., "Design of ColdFormed Stainless Steel Structural Members: Proposed Allowable
Stress Design Specification with Commentary," Third Progress
Report, University of Missouri-Rolla, January, 1988.
5. Lin, S. H., Yu, W. W., ·and Galambos, T. V., "Load and Resistance
Factor Design of Cold-Formed Stainless Steel: Statistical
Analysis of Material Properties and Development of the LRFD
Provisions," Fourth Progress Report, University of MissouriRolla, October, 1988.
6. Lin, S. H., Yu, W. W., and Galambos, T. V., "Load and Resistance
Factor Design of Cold-Formed Stainless Steel: Proposed Load
and Resistance Factor Design Specification for Cold-Formed
Stainless Steel Structural. Members with Commentary," Fifth
Progress Report, University of Missouri-Rolla, May, 1989.
7. Ang, A. H. S. and Cornell, C. A., "Reliability Bases of
Structural Safety and Design," Journal of the Structural
Division, ASCE Proceedings, Vol. 100, No. ST9, pp. 17551769, September, 1974.
8. Ellingwood, B. R. and Ang, A. H. S., "Risk-Based Evaluation
of Design Criteria," Journal of the Structural Division,
ASCE Proceedings, Vol. 100, No. ST9, pp. 1771-1778, September,
1974.
9. Ravindra, M. K., Lind, N. C., and Siu, W., "Illustrations
of Reliability Based Design," Journal of the Structural
Division, ASCE Proceedings, Vol. 100, No. ST9, pp. 17891811, September, 1974.
10. Ravindra, M. K. and Galambos, T. V., "Load and Resistance
Factor Design for Steel," Journal of the Structural Division,
ASCE Proceedings, Vol. 104, No. ST9, September, 1978.

464
11. Ellingwood, B., Galambos, T. V., MacGregor, J. G. and Cornell,
C. A., "Development of a Probability Based Load Criteria
for American National Standard A58: Building Code Requirements
for Minimum Design Loads in Buildings and Other Structures,"
NBS Special Publication 577, June, 1980.
12. Supornsilaphachai, B., "Load and Resistance Factor Design
of COld-Formed Steel Structural Members," Ph. D Thesis,
University of Missouri-Rolla, 1980.
13. Hsiao, L. E., Yu, W. W., and Galambos, T. V., "Load and
Resistance Factor Design of Cold-Formed Steel: Calibration
of the AISI Specification," Ninth Progress Report, University
of Missouri-Rolla, February, 1988. .
14. Galambos, T. V., Ellingwood, B. R., MacGregor, J. G., and
Cornell, C. A., "Probability Based Load Ciiteria: Assessment
of Current Design Practice," Journal of the Structural
Division, ASCE Proceedings, Vol. 108, No. ST5, pp. 959997, May, 1982.
15. American Society of Civil Engineers, "American National Standard:
Minimum Design Loads for Buildings and Other Structures,"
ANSI/ASCE 7-88, 1988.
16. Johnson, A. L.,
Stainless Steel
February, 1967.
Report No. 327,

"The Structural Performance of Austenitic
Members," Ph.D Thesis, Cornell University,
Also Department of Structural Engineering,
Cornell University, November, 1966.

17. Wang, S. T., "Cold-Rolled Austenitic Stainless Steel: Material
Properties and Structural Performance," Report No. 334,
Department of Structural Engineering, Cornell University,
July, 1969.
18. Errera, S. J., Tang, B. M., and Popowich, D. W., "Strength
of Bolted and Welded Connections in Stainless Steel," Report
No. 335, Department of Structural Engineering, Cornell
University, August, 1970.
19. Van der Merwe, P. and Van den Berg, G. J., "The advantage
of Using Cr-Mn Steels instead of Cr-Ni Steels in COld-Formed
Steel Design," Rand Afrikaans University, Johannesburg,
South Africa, November, 1987.
20. Van den Berg, G. J. and Van der Merwe, P., "The Torsional
Flexural Buckling Strength of Cold-Formed Stainless Steel.
Columns," Proceedings of the Ninth International Special~y
Conference on Cold-Formed Steel Structures, Un~vers~ty ot
Missouri-Rolla, November, 1988.
21. Bleich, F. Buckling Strength of Metal Structures. New York:
McGraw-Hill Book Company; 1952.
22. Yu, W. W. COld-Formed Steel Design. New York: Wiley-Interscience;
1985.

465

23. Errera, S. J., Popowich, D. W., and Winter, G., "Bolted
and Welded Stainless Steel Connections," Journal of the
Structural Division, ASCE Proceedings, 01. 100, No. ST6,
pp. 1279-1296, June, 1974.
24. Flannery, J. W., "Tests Justify Higher Design Stress for
Welded Quarter-Hard 301 Stainless," Welding Engineer, April,
1968.

466
APPENDIX II.

NOTATION

The following symbols are used in this paper:

C

P

D
L

Area of the full, unreduced cross section
Net area of cross section
Random variable reflecting the uncertainties in the transformation of live loads into live load effects
Random variable reflecting the uncertainties in the transformation of dead loads into dead load effects
Deterministic influence coefficients translating load
intensities to load effects; subscripts D and L denote
dead and live loads, respectively
Random variable charac~erizing dead load
Specified dead load intensity
Specified dead load
Random variable representing uncertainties in fabrication
Nominal buckling stress
Tensile strength of the connected sheet in the
longitudinal direction
yield strength
Specified live load intensity
Nominal specified live load
Random variable characterizing the uncertainties in
material strength
Random variable reflecting the uncertainties in
design assumptions
Probability of failure
Nominal axial strength of member
Predicted failure load
Tested failure load
Load effect
Member resistance
Nominal resistance of a structure member
Effective section.modulus of reduced section
Coefficient of variation of random variable x; V denotes
the coefficient of variation
Mean value of random variable x; subscript m denotes
mean value
Safety index
Target safety index
Dead load factor
Live load factor
Resistance factor
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